dogfish, Scyliorhinus canicula, a shark species belonging to the family Scyliorhinidae (order Carcharhiniformes).
The aim of the present study was to obtain information that could contribute to fill this gap. It was carried out in the starry ray, Raja asterias, belonging to the family Rajidae (order Rajiformes). It has been shown that in this species, the conus arteriosus is longer than the bulbus arteriosus (Rodríguez et al., 2016) . Moreover, the morphometric variation of the conus arteriosus in nine batoid species has been described (Bini Junior, 2018) . In these two last studies, however, no information is given on the histology of the components of the cardiac outflow tract. As we now report, several anatomical and histomorphological features of the conal valves of the starry ray might give some clues to better understand the evolution of the cardiac outflow tract valves in vertebrates.
| MATERIAL S AND ME THODS

| Material examined
The sample examined consisted of the hearts from seven (four male, three female) adult R. asterias. The specimens were caught in Western
Mediterranean by fishing boats of Caleta de Vélez, Málaga, Spain.
The animals were already dead when they were collected from the boats. In the laboratory, the ventral aspect of the pericardial cavity, ventral aorta and afferent branchial arteries were exposed by means of a longitudinal incision along the anterior, midventral line of the animal and subsequent removal of the hypobranchial musculature.
Thereafter, the pericardial cavity was opened and rinsed in elasmobranch buffer (16.38 g/L NaCl, 0.89 g/L KCl, 1.11 g/L CaCl 2 , 0.38 g/L NaHCO 3 , 0.06 g/L NaHPO 4 , 21.6 g/L urea, pH 7.2). Two hearts were studied by means of scanning electron microscopy. The remaining five were examined using histochemical techniques for light microscopy. In this study, differences related to sex were not observed with regard to the anatomy and histomorphology of the cardiac outflow tract valves. Therefore, male and female data were pooled.
| Scanning electron microscopy
The hearts were washed with elasmobranch buffer and fixed by immersion overnight in 3% glutaraldehyde in elasmobranch buffer.
Then, the conus arteriosus was dissected to expose the conal valves, postfixed by immersion in 1% osmium tetroxide in elasmobranch buffer and rinsed with the same buffer. Finally, each specimen was dehydrated in increasing concentrations of ethanol, dried by the critical point method and gold-sputter-coated. Observations were made using a Jeol JSM-840 scanning electron microscope (Jeol, Tokyo, Japan), operated at 5, 10 or 15 kV.
| Histochemical techniques for light microscopy
The hearts were removed, washed with elasmobranch buffer, fixed in 4% paraformaldehyde in elasmobranch buffer (ratio of fixative:tissue volume, 80:1), dehydrated in a graded series of ethanol and then in buthanol, and embedded in paraffin (Histosec; Merck KGaA, Darmstadt, Germany). Serial sections, transversely, longitudinally or sagittally cut at 8 or 10 μm using a Leitz 1512 microtome (Leitz, Wetzlar, Germany), were stained with Masson-Goldner's trichrome stain for a general assessment of the tissue structure, with resorcin for the detection of elastin or with 1% Alcian blue 8GX in 0.05 M acetate buffer (pH 5.8) plus MgCl 2 in a concentration of 0.3 M to detect the glycosaminoglycans. In addition, the picrosirius polarization staining method (Junqueira, Bignolas, & Brentani, 1979) was employed for the specific detection of collagen. The sections were observed with a Leica DMSL light microscope or with a Leitz Laborlux 12 Pol polarization microscope. Several images were acquired using a Leica DFC 500 camera. Other images were obtained with an Olympus VS120 virtual microscopy slide scanning system (Olympus, Tokyo, Japan), equipped with the VS-ASW software (Olympus) and viewed using the software OlyVIA (Informer Technologies, Inc., Walnut, CA, USA).
| Nomenclature
The terms distal (anterior) and proximal (posterior) are used to describe the location of the components of the cardiac outflow tract with regard to the ventricle.
| RE SULTS
| Anatomical findings
In all hearts, the conus arteriosus was tubular in shape, widening in its distal part, where it connected with the relatively short bulbus arteriosus ( Figure 1a 
| Histological findings
Histologically, the limit between the conus arteriosus and the bul- (Figure 2b) . Distally, the elastic fibres of the conal subepicardium were in continuity with those of the bulbus arteriosus.
Each leaflet had a core of connective tissue covered by the endocardium. In the central body of the leaflet, the tissue was stratified in three layers, outer fibrosa, spongiosa and inner fibrosa. The outer and inner fibrosa layers occupied the outer and inner zones of the leaflet, respectively; the spongiosa lied between them (Figure 3a,b) .
The outer and inner fibrosa layers were mainly composed of type I and type III collagen according to the results obtained by using the method of Junqueira et al (1979) (Figure 3b ). Both fibrosa layers joined at the free edge of the leaflet. The spongiosa was a thick layer of loose connective tissue rich in glycosaminoglycans (Figure 3c ).
It also contained a small amount of elastin (Figure 3d ), collagen ( Figure 3a) and connective tissue cells, the shape of which rather indicated that they were fibroblasts (Figure 3e,f) . The thin lateral parts of each leaflet consisted of a single fibrous layer that contained sparsely distributed fibroblasts (Figure 3e ).
The layer, which was covered by the endocardium, bifurcated into the outer and inner fibrosa layers of the central body.
| D ISCUSS I ON
In 1876, Stöhr mentioned briefly the existence of four transverse rows of conal valves in R. asterias, which he referred to as Raja schultzii. Each row was composed of three pocket-like valves. Those of the distal row were larger than the rest, while those of the third row were the least developed in size. Some years later, Kisch (1930) described his observations in two specimens of R. asterias. In one of them, there were four transverse rows of three pocket valves each, and two small valves intercalated between the great pocket valves in the second and third rows. In the other specimen, both the number and spatial arrangement of the valves was notably different. There was a first, distal row composed of five large pocket-like valves, a second row of four small valves, and a third and fourth rows consisting each of three large and one small pocket-like valves. This divergence between members of the same species was considered by Kisch (1930) as an expression of the intraspecific, anatomical variation to which the valvular system of the elasmobranchs is subjected.
The present findings concerning the number and spatial arrangement of the conal valves in R. asterias essentially agree with those reported by Stöhr (1876) and Kisch (1930) . The only differences refer to the size of the major valves and to the number and location of the rudimentary valves. However, these divergences seem to have little if any functional importance. Apart from this, none of the seven specimens included in this study showed any deviation from the pattern which consists of 12 valves, and which can be considered typical of the species. Thus, presence of 15 pocket valves as reported by Kisch (1930) in a single specimen should be better regarded as a rare anatomical variant.
As in the lesser spotted dogfish (Sans-Coma et al., 1995) , the leaflet of each anterior valve of the starry ray can close against the other two leaflets of the same row even when the conus is relaxed.
Therefore, the anterior valvular system is able to prevent backflow from the ventral aorta during conal diastole. Instead, the closure of the leaflets of the posterior valves almost certainly depends on the narrowing of the conus, given that they cannot practically bridge the lumen of the relaxed conus.
The histological pattern of the conal valves of the starry ray does not essentially diverge from that of the lesser spotted dogfish. The most notable differences between both species relate to the thickness of both the spongiosa, which is greater in the ray, and fibrous, outer and inner layers, which are thinner in the ray. As suggested by Sans-Coma et al. (1995) referring to the lesser spotted dogfish, the inner fibrosa and the fibrous lateral portions of the leaflets are the structures that basically bear the stress due to the pressure generated by blood backflow. The stretching of the leaflet in the radial direction seems to depend on the middle spongiosa, while the outer fibrosa determines principally the stiffness of the leaflet in radial direction. the conus and the ventral aorta at the level of the anterior row of valves described by Sans-Coma et al. (1995) were inaccurate. Indeed, the anterior conal valves are anchored proximally to the conus arteriosus and distally to the bulbus arteriosus, and not to the aorta. This is important to better understand the changes, to which has been subject the valvular system of the cardiac outflow tract throughout the evolution, and especially assuming that the heart of chondrichthyans shows the most primitive anatomical design among the extant vertebrates (Durán et al., 2015; Lorenzale et al., 2018) .
Sans
Gegenbaur (1866) and Stöhr (1876) pointed out that the anterior, generally single row of cardiac outflow tract valves of teleosts is morphologically equivalent to the first transverse row of chondrichthyans and early actinopterigyans (polypteriforms, acipenseriforms, lepisosteiforms and amiiforms). The outflow tract valves of teleosts are attached proximally to the conal myocardium and distally to the bulbus arteriosus (Guerrero et al., 2004; Lorenzale et al., 2017) . Birds and mammals have normally three pocket-like valves at the base of the aorta and pulmonary trunk, respectively. & Gittenberger-de Groot, 1997), but most have a myocardial base and a distal arterial portion. The myocardial portions of the sinuses derive from the embryonic conotruncus, which seems to be homologous with the conus arteriosus of fish (Guerrero et al., 2004) . The arterial portions are akin to the fish bulbus arteriosus (Grimes, Stadt, Shepard, & Kirby, 2006) . Therefore, the arrangement of the anterior valves in the present batoid species, characterized by the proximal attachment of the leaflets to the conal wall and the distal attachment to the bulbar wall, can be regarded as a primitive anatomical pattern that has been preserved throughout the evolution of vertebrates.
